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PRODUCTI AND PRCPM?•ZZ tP MaI.INI8ID TANTALUM

&ollowing is the translation of an article by Jiri Vacek
of the Research Institute for Powder Metallurgy, Vestee/
Prague, in the Oerian-languae reAew Neue Huette (New
Foundry), Vol 2, No. 11, Leipzig, November 1957,
pages 692-76O7

Tantalum, a highly fusible metal of goup V of the Periodic
Table, is an invaluable material in modern chemistry, eleetrotechnioss
vaoumm techniques and many others becaube of its chemical, physical
and technological oharatdAriatic. Ductile tantalum was first pro-
duced by W. v. Bolten L 11 by smelting of a wall, compacted block of
pure powdered tantalum obtained by redution of potassium fluotanta-
late with sodium, in an electric-arc crucible under vacuum.

Due to the high cosat by reason of the difficult method of pro-
duction and the small amounts semi-finished tantalum was utilized
only very reluctantly., However, increased production cX a suitable
powdered tantalum, Introduction at powder-metallurgical techniques
and better knowledge of the propertieA of tantalum have aided In its
wider distribution. By 1935, prod••qon of tantalum was almost
thirteen times as high as In 1939 L2J Industrially, semi-finished
tantalum products are manefactured by, a terag bars of compacted
powdered tantalum under high vacuum Z2r Other production methods
of the compacted metal are also known.

W. 0. Burgers and ;. C. M. Basart 5A, have prepared ductile
tantalum in wire form through thermie decomposition of tantalum pen-
tachloride supersublimated under vaouaum, a a tantalum thread heated
to 2,9O0o 6 under continuous vaomm in the apparatus. The authors
obtained a deposition wire with a diameter at 1.25 a wIthAn five
hours. The wire was hig!hly duct~le and oej]A be drawn cat Into
threads at 25-50 up without amealing.I __



Le. A. Hohansen and , I. A. lay f-7 reduoed tantalum ?entach-
ioride with magnesium at 750° C. They removed the impuritisi from
crude spongy tantalum by di stillation at 9000 at 10-3 Tarr within
four hours. The refined sponge -as smelted down in the electric-are
with a tungsten electrode in an argot an,:ý heliu atmosphere. Reduction
gave a yielc of 77e5?.,* The small tantalua oLock posaessed a hard
surface layer tnd a soft core (Me 2 33). The material wes suitable
for cold rolling with a 10 reduction oer pass "nd a total pass redua-
tion of about 90. %H. v. Zeppelin A9/ had elso reduced tantalum
pentt.ohloride with magnesium in the presence of potassium chloride
anr in E closed steel Carius tube more than ten years earlier.

Tantalum crn also bj ;repared by retiuction of tantalum 4en-

tschlorioe with khdrojsn f This procesx is used for tantalum
coating of other metals 12/ iut not for production of the metal
for further processing.

T'e utilization of tantalui is ibsed on its 3hraical &nd
chern.cal propLr`ies. high melting point, low vapor point snd
electron-work fwiotion, togetier with ;cod mechanical properties Lncl
primarily the aLility' for gus absorption (Gotter), make tantalum
invaluable in vacuum technics. The specific electric properties of
The aode film fomea by anodio oxiuation of tantalum are utilized
in electrotechnics. In the chemical and sharrxceutlc industry bs
well as in medicine, tantalw.% is a preferred material by reason of Its
hih resistance to many dif Cerent rtagents, good coauc,'ivit-, of he.tp
and loi; tbhermal exprnsion.

Tentalurn is utilized for the pro6*uction of u I n - tubes for
ver:. -hort Naves, in current-i,.ulse tech-,cs, for x-ra: tubes at
w.ry high tension, current rectifiers an6 sma.l electro!ytic conden-
sers. It is elso used for spin.An• nozzles, for various refrigera-
tns, nhetting, ena seoondaarl s-.eam in.-tallation fori 'aressive wedia.
,eaction t•nks or ae.t.tcrs are coateQ ,'.th tant~lan. In surer ,•
t~taluu is used as a bone substitute as d1oil as fr SrjIcal thread,
needlies and instruments. i:ore cetills on the utilization of tantalun,
ieloiing co, ounds of the latter, will be found in literature

- OWn ExoerisientAs Wei inestigateJ the comipaction of powdered
tantolum into small bars, the sintering of the latter under high
vacuu:a, emn the forming of thAe sintered bars into sheets, burts sad
wire. For sinteri-g, vacium-aintering bedls were developed kone
laboratory bell as-A one full-scale bell) and a molybdenum vacaum
furnjace for annealing.
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IL0i1,1 - Chamice1 Analysis of 3 Grades of Tantalum Powder in %.

Imn•ui�ti , , T IsI nurnnities I III

Rb 2.84 1.08 3.62 Pb- 0.001
Mg 0.011 0.003 9 0.002 not determined
Ca 0.007 0.004 8 0.169 not oetermined
on 0.005 0.008 0,004 0 0.22 0.16 0.12
Ti 0.11 0.0m2 0.0065 02 0.317 0.25 0.37
Si 0.0o8 0.009 0.056 N2 0.41 0.055 0.030
Fr 0.009 0.018 0.0095 H2 0.175 0.15 0.10
Al 0.0104 0.008

The production of powderec4 tantalum which is obtained generally
through reduction of potassium fluotantalate with sodium c potassium
or through electrolysis of the given molten salts was not undertaken•.
The ex~eriments were carried out with powdered tantalum with a loose
volume of 37 and a ae,+tled volume of ;0.5 om3/100g, Determined by

the Blanme method hJ,= its specific surface amounted to 2,510 om./g.
The powder was screened with a mesh-width of 0.075 sm without residue.
The other two grades of powder had similar characteristics and
differed only somewhat in regard to content of impurities (Table 1).

141 - Comnake n of Pwdard Tantlimt In the exrporiments, the
volume weighto the specific electric resistance , the necessary mass
were determined in dependence on the compacting pressure in order to
be acle to compact bLrs of 5 x 5 x 100 mm3. ,, oknow that pure
powdered tantalum can be compacted relatively well, The compacting
pressures (4-12 ton/om2) guaranty adequate density of the compacted
shapes so that we can eliminate pre-sintering. This obviously reduces
production costs because pre-sintering also takes place under vacuum.
Moreover, the high pressure of compaction also increases the weight of
the bars. This means a higher weight in comparison to the semif in-
ished products whioh are produced from a sintered bar.

During the cxperiments, we noted that the volume required for
compaction is alm8st twice as great when we use a pressure of 14
instead of 2 ton/m2 (Fig. 1). The bare were comaoted in a two-part
press of which the bottom was stetionary snd the pressure was applied
to the ran. As shown in Fig. 2, the volume weight of the compacted
bars increases with increasing pressure of compaction., Smulteneously,
their electrical resistance becoae] reduced as will be seen from F ,g. 39
Bars compacted at preseares of awe than 3 ton.a, and not pre-sintered,
could be inserted In the clamps of the sintering befl withouat dainogivi

their ~3
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Figure 1 - Weight& of Tantalum ?owdr. for Different Compaction
Prumoes (5 x 5 x 100 =3).
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Figore 2 - Influenoe of Specific Compaction Dreams on Volume -
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If we calculate the ratio of voluea weight of the formed bars
to the spatlal volume ami enter the latter, in dependance on the
pressure of compaction, in a double-logarithmic grid (Fig. 4), we nee
that the pressure equation of C, Agte and M. Petordlik (17) is appli-
cable to tantalum over a wide range of pressure. We may Judge by
the break in the curve that the ratio between plastic and elastic
deformation changes in favor of plaatic deformation at pressures over
5 ton/cm. The slope of the two parts of the cwTve indicates that the
powder is not soft.

142 - §intarin s One of the most important processes in the produc-
tion of semi-finished tantalum products by powder-metallurgioal
methods is the sintering of the compaoted bare. Sintering of the
bars is intended to give them not only a high volume rate and high
density through optima fusion of the individual grains but should
also remove Impurities, especiall gases, from the sintered bare
through the action of the high temperature. Optimam removal of gas
from tantalum can be obtained only under high vacuum. Vacum in sin-
tering has two purposest it protects the material against the action
of practically all the gases with which tantalum reacts or which it
absorbs at moderate to high temperatureS. The vacuum must further
contribute to the reamoyl of gases already contained in the powdered
substance or created by reaction among the existing impurities. When
necessary, the vacuum must make possible the vaporization of substances
with a lower melting point (and/or with higher vapor pressure) than
tantalum. It is therefore indicated to work with a 4 g vao-n.
iee. to constantly exhaust the equipment by pumping because, under
static vacuum the gases expelled may again be absorbed by the sintered
bar after ooli;g. Moreoverg the vaouum would become lower and lower
in the course of temperature increase so that the removal of the gases
which is possible only at high temperatures, might take place only
under difficulties or perhaps riot a all (of. below),

Such rare gases as argon and helitu carefully freed of other
gases and vapors could be used as protective atmosphere. They are
absorbed by tantalum only very little and their presence causes only
miner changes in the properties of the metal. Their purification is
oomplicated, however, and would bring about a further increae of the
high costs inherent in their utilisation. Ihen we consider the mean
free distance of path of the gae molecules as a function of atmospherio
pressure, it also becomes clear that, when utilizing rare gases as
protective atmosphere, the removal of gas from tantalum would take
place very muah slweer which would mean again an increase of cost due
to the longer duration of sinter1og.

-6-



a- int.ri ''ntatllations ,e first constructed a laboratory
vacirm bell for sinteri, of tantalum (Tis. 5), The installation
consists of the actual bell, the vtcoui plutp, *iw meaviring instruments,
and the electria current source. (Only part of the transformers can
be seen at both sides of the picture). The actual sintering bell
(Pig. 6) consists of welded steel plate with a water jacket 6rn is
orovided with a visual aperture to Phich the zveasuring pipe of a vL.oxau
meter Is connected. The bell rests on v cilver-coctec Cteel plate
which conructs aivrent to the lower electrode. The up..er olectrode
passes through the btse plate, is isolated. from the latter, end cooled
with *ater. The lower vleotrode is cooled by readition with the aid
of redicticn 1;lates, is mobile, End countevieighted (Fig. 7). An
opening (rig. 7-a) is in the beze tlAte for conrnectirg the vacutur
pump. A vapor cornenser has been placed in the openirj in T ig. 7-be

II

ig. - Vaovm Sintering
bell

Fig. 5 - Laboratory Installation for High-Vacuum ýAnteringe.

7-



is. 7 * l2ectrcdes in 11g. 7 b -the sare z h b,--
A±ntering B ell ingeutea

ý'he ptuin consist of F- :ine1e-staje rctLr.,' v&~cuur. wvqui with a
05 ccit."' of 1ý: M3/h and 1 t}2wee-mt&ae 00-c itf fusior~'~n , i E cu),viz mrl with

acoc ýcity of 150 lit/ser.

1,42 - ieA*Awsmat 9L VauuwS T7or reasuwenmcnt of vectmm :r~ the s"-*to.ed
befl., *'e used~ t. tirjrj.1 clectric vacuum~ mreter of the type i,.e:mc-ibe6 b,-

1*11UX cm~ k*, [eAr& 4.Pd/. "'he m J.Uvoltuiatter comibined ~t thas a
Milli i-,tern&2. %esi~ttnce., the current, wes cawefiALI)- st~abilivrei bmct the

ectrim current f~or the t~lurent of the iressuriznc tube chre d - j; 1
en.!Lr:-eQ the r,,,.je of 7-ecvsirter-ent of the vaum~ mater for 1-igher



and lower pre•ooma. In addition to a larger range of measurement,
this vacuum moteor has the advantge of continuous measureent of
Tam=*

The vaouum meter is calibrated for air by comparison to the
indioations of the abbreviated McLeod mercury vaouuz meter. The
result is shown graphically in Figure 8. In calibrating the curve B9
a U-tube was connected between the thermoelectric vacuum metoer and
the bell, The walls of the tube were sprayed with phosphorous oxide
supereublizated under vaeuutw The tube was cooled from the exterior
by a mixture of four parts of nitric acid, five parts of aemonim
nitrate and eight parts of sodium sulphate. The temperature of the
mixture varied between -31 to -35C- MeLeod's vacuAm meter was
connected directly to the bell and measures only the pressure of the
permanent gases. However, the vapors of such liquid@ as water and ell
condense in a compression capillary so that they escape measurement*
The bell was pumped out for two hours. The pump was then stopped#
atmospheric air was graduall7 admitted into the system and the
pressure In the system meastwed.

t t

measuring-tube
voltage in aY. ...

ore suree in TerT

?igure 8 a Dependence of measuring-Tube Tension of Thermoeleotric
Vacuum Meter

After termination of the experimentp the U-tube was removed,
the bell left open for ten minutes, closed again and the vacuua
measured during pumping. The curve A from the values obtained indi-
oat.o the extent to which the McLeod vacuu meter distorts the value
of the true vacuum. The space between the two curves corresponds to
the pressure of the water vapar.

L.2�1 - aamýnant of Tima~a8 When centering a highly fusible
metal such as 0au , temperature eosat be measuerd with a
thermooelment but a pyrometer with decreasig filament mast be utilized.

9-



Consequently, reading of the true temperature is difficult. !lie
visual aperture becomes coated with a thin film of the vmetal, reducing
optical transparency and iistorting the irAicetions of the pyrom'etr.
Moreover, the rofleotion of the tantaluim surfooe changes during
centeri.ng. ror better understanding of the explanationu below, We
have given. an explanation for s&or characteristics of temperatures
te 2 actual temperature ot the surface of the tantalua (00);

t A' apparent temperature which would be measured by the optical
j .'rometer if no light-aboorbing modium existed between pyrometer
and tantalum bar (OC)

t * temperatuxe measured by the pyrometer after light absorption
through the visual aperture.

The absorption of radiat".on through the visaal aperture was
6etermined by inserting a similar analogous glass between the pyro-
meter and the vieual aperture at dlffarerit temperatures. For given
termperetures of t,, we thus obts.ire4 correction valuea corresponding
to absorption radiation ci the visial sperture. By adding
these values, we can calculate the appa*rent temperature t , The rela-
tion observed is re resented. in rig. 9 (curve T) The bar was
maintained at 74LO0 for ten minutes. Aftor cooling, a clean glass
was inserted en,. t'he ter br'uiiht 4laivi to 400•. The temperature
was ni.esurod both only with the clean glesi in the Visual aperture
as well as with the one previcusly utilized (ten n.nutea at 2,40000)
which was inserted between the pyrometer and the clean glass. The
correction value was elightly higher, due to a slight sont covering
of the glass inserted (point B in Fig. 9).

Figure 9 - Cozreotion of
ftzomoter Indications for fo
Cbeervation Glass Utilisedo l

Wp , a 'WM t

measured tetiperatuxe +t* in OC.
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iApparently absoption increase due to the radiation on the
vLsual aperture at a sintering duration to end temperature because the
gLass will become covered by an increasingly thicker covering of
iiipuritieso This could be demonstrated, The bar has melted after
9) minutes if it was kept at the temperature of 2,4000 C as measured
by the pmrometer. The temperature measuriement became lower, howver,
due to the greater absorption of the radiation. The current was
consequently increased and the bar melted although the measured tem-
perature amounted presumably to ;,4000Co In all experiments, we
therefore controlled the temperature with the pyrometer and maintained
it at the selected temperature according to the current. The correc-
tions were determined with the glass which indicated 2,4000 C in the
visual aperture for 240 minutes when heating t.e tantalum bar. After
replaoizn this glass in the visual aperture by a clean glass, it was
inserted between the pyromoetr and the clean glass at qiven measured
temperatures (t%) when heating the Wntalum bar. The dependence
obtained is re.reaented by eurve C in Fig. 9. It will be noted
that atsorption b:., the contaminated glass is almost foar times greater
at tA 9 294000 C.

$ome of the tantalum bars were melted. At the moment of
irelting, we can determined the differeneo between the actual and the
apparent temperature, If we kne; the melting point exactly. The mean
value of the apparent temperature was 2, o38 C. From the equation

I -- I- igN,
TS T: ', I~ng 0

in which T a actual melting point of tantalvm, _3.273 o; Tr a apparent

velting point of tantalum, 2,,9110E; K partial radiation ability

at wave length • 1 02 a constant of the 7Wian law, 14,350/uCKI, the

partial radiation ability 1 - 0.556 was cealculated on the eassump-

a tion of constancy ( 2 const. : 0.65/u) of the wave length indica-

ting the maximum permeability of the red filter of. the optical pero-
meter. For this partial radiation ability, valued of the actual
temperature in the range of 2,300-2,7000 C of the apparent temperature
were calculated on the assuaption that the partial radiation ability
is constant within this range. The differenoe of the Uo temperatures



in dependence on apparent temperature is represented graphically in
Figure 10. This linear dependence in that mach more acourates the
closer the emperature is to the melting point.

"W1 I Z

Figure 10 R Yelation of True Temperature t ato iipparent Temperature t

(tantalum partical radiation ca,:)ability S 0,556
const.l

,1.,24 - Influence of ftnteriris Temneratiirei For the sintering oxperi-
montst we utilized bars of 5 x 5 x 100 nmn3 compacted at pressures of
6 and 12 ton/cm2, The compacted bars wore not prouirntered. In the
first experimental series,, a as compacted bar was used for each
selected temperature. In the second exprimental series, the bar was
s!.ntered in stages. It was first brought to the lowest selected
tompersture, pesrmitted to oool, removed from the ber, and its values
imeasured. The bar was then again inserted in the bell anc brought to
the next highest seleoted temperature and the procedure contin~ued
until. reaching the highest selected temperature. No difference was
dotermined between the two experimental series, The temperaturo was
increased as a function of the vacuum3, i.e. only after the vacuum
meter indicated the selected value. Lt selected temperbtures, the
beir was always heated 5 minutes.

The volume weight, the linear skrinkag* (length),, the hardness
HNV1010 and the specific electric resistence were measured on the sinter-
edi bars. The results are graphically represented in Figure 11 for
bare compacted at 6 tan/cm2 and in Fig. 12 for bars compacted at
LP' ton/Wu. Practically, there was no diffeorenoe between the bars.
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i-hocording to the findings, the volume weight (after a slight drop
initially) :Lncreases with inore•aing sintering temperature, linear
loss also increases and specfio electric resistance drops. The
trace of the curve is customary in powder metallurgy for the indica-
ted relations and entirely comprehensible. The dependence of hardness
on sintering temperature is less clear because hardness reaches a
maxirum in the range of the measured temperatures from lm800-2,?000 C.
This uepen(etce obviously is related closely to the fact that tantalum
has Phe highest absorption of gas (Getter) at temperatures gf about
1800 C and looses the absorbed gases only above 2,2000 C 7

Smeasured temperatures t in OC.
Figure 1.1 - Sintern of burs compacted a with 6 ton/cm at--different te Waturese

*. 1'
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The trace~qL all curves agrees with the observations of Mawis,

andl the author LW9 according to which hydrogen is expelled in the
range from 600O-1200 0C, eatbon moncmide from l,700-2,000OCO and
nitrogen from 1,900-2,4wo

By sintering a bar in stages, it was possible to determine the
weight lose created by vaporization or expulsion of the substances
fromi the bar during sintering. The findings for bare compacted imder
pressures of 6 sand 12 tons/om2 from powdered teatalun I are represented
graphicallyv in Figurg 13 which indicates that the losses rapidly
increase above 1,700 0, These relatively high losses cannot be
caused by the vaporization of Impurities, In that case, the losses
would amount to about 2*48% which corresponds to the total volume cc
Dipuritiep including columblum, decreased by the volume of impurities
includ~ing niobium remaining in the sintered bar (of. Table 1 and 3)*
N kor can such high losse*@ of weight occur even we inolude also the
vaporization of the tantalum$ in additi oato the vaporization of the
impurities. According to calculatiot,, Q the vaporized voluame
should be 0,0087 C within 5 minutes when va~pbrisation Is not inter-
fetred with and the pressure of the tantalum vapors amounts to 10-4
Torr an 2,60000; and should be about 10 times greater at 29W00CC.
Because the losses mount up to 9 %# the cause must be sought in the
fact that the fins particles of tantalum are entrained by the expelled
impurities or, possibly, that tantalum becomes lost in the form of
compourds.

It is reasonable to assume entrainment of the particles of
tantalum because the sintered bars have a rough surface on the one
hand and the losses are smaller in bars cotpacted under higher pres-
sure on the other hand and also because the deposition in the bell
contains predominantely tantalum (Table 2).

1L25 - Intlec of DuratiLon gf SQntexIM& For these experiments,
the bare were again comacted at 6 and 12 tons/m2, By sintering to

* terminal temperature selected as 2,,4000C on the basis of the prece-
ding experiments, the bars were maintained 5-120 minutes at this
temperature. After sintering, we determined the values of the same

* characteristics as in the preceding experixents. The results are
represented graphically in F~ig. U4 and 15. The findings show that the
specific electric resistance drops Initially under continuous exposures,
but remains practically constant after 45 minutes. The case is
analogous for hardness, Hcs.iever,, under long continued exposure to
terminal temperature, volume weight sad linear loes increase slightly.
After 45 minutes, th~e values again rwasin practically constant.
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weight loss
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mE3ured aintering tampercture

Figure 13 -eight loss of uintered barm in relation to measured
sintering temierature.
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Figure 17 Apparaetus for' Spectrum Analysit Of Oss
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Figure 17 shows the diagrarn of an installation of Eiass con-
iistinS of a discharge tube A with molybdenum eleotr:4es a and b,

rasi-wig tube of the thermoelectric vacuum meter C, the reaction
retorts B. Do H aw the stop-cooks X, F, G. The instailat4on serves
to produce pure gases from absolate reactions, for purposes of oompari-
son. The gases drawn from the bell with the diffusion vacuum pump
are dried and their pressure is regulated so that the spectra can be
determined under analogous conditions. For these experiments, we
utilized the "spektral-bcx" of the ruses Company which also permits
visual observation. With the aid of a lateral objective, the compari-
son spectrum of mercury was photographed (mercury lamp). It was
experimentally confirmed that, during sintering of tantalum, hydrogen,
carbon monoxide and nitrogen are dissolved in the following tewpera'
+tu"e rangees Hydrogen, t a 6001.,21700; carbon monoxide, t 5 : 1,726-

S

,1029°C; nitrogen, t -: 1,928-2t432C. Detailed data on spectrum

analysis of the exhausted gases will be found in 2 .

.27 - Isnra Q! TemnaratA'e du2Xn S Intar"n•! In arder to determine
optimum increase of temperature during sintering, ex-,sriments were
carried out. In the first experimental series, temp-erature was
increased in different intervals of time, e.g. Oy 10000 every ten
niniites or every five minutes. In both cases, vacuum during sintering
was adequate (3 x 1-4 Torr), i.e. the pump was capable of exhausting
theogasee at each stage. However, when increasing tem,erature by
'00 C every 2.5 minutee, it was shown that the speed of increase vas

hoo high in the range from 1,700-1,20000 end manifested itsklf by an
;.nadequate vacuum (Fig. 18). In the range from 19200-!,600.0, the
speed of increase was too low on the other hand. This shows that it is
not advantageaus to increase the temperature uniformly in proportion
to time*

If the temperature was raised after a previous!y.- determined
vacuuim (minimum i103 Torr), it was possible to accurately determine
:he end of cegassing in the different sintering stages which were
noted with the aid of spectrum analysis of the exhausted gases. This
prevented us from obtaining unneeossarAiy low temperatures in the
ranges In which degasfiag did not occur or was already terminated. ,
The economio advantages of the method are apparent. It was shown
further that it is not neoessary to maintain a h4h vacuum (minim-,
10"' Torr) during the entire process of sintering. It is mufficient
•o exhaust the Installation only with the rotary vecuum pumps to
admit the current, and to begin simultaneonsly to warm up the diffu-
*ion vacuum pump. After dissolution of the moisture, primarily the
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hydrogen, the vacuum drops, The greater /ort of the h.irogen is
removed by the rotary vacuum pump jund the remainder, at abott lpOOO°C,
with the diffusion vacuum pump which has warmed up in the meantimeo
The vacuum then increases from 1 x 10"3 Torr to 5 x 10"4 Tarr and
oust be maintaineu at that point until sintering is ompleted (Fig. 19).
This method of sintering in a guaranty for economic operation and
uniform characteristics of the bars*
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pressure in T"arr itI

m~easured a-Anter-nI temt~erctura in 00

"Ti,-ure 19 -tem'.)erative incrveese in -elctior to v~c%'x;m &Cj

riur 0 * icro)8trucvr4e of a±rntered Lar etche -1' ~ 'T 2't

4,~ -oun vIght of~ the sirnterer-1 bi~re per 100 bar,'-;
bet~ween 15,()-!5e-' g/cni3. s)ecific clectr;'*c resistance bet-,:en . .
D. LS Thm,/m,-.r2/vr, ml~ he r,.ness bet.;sen "0-S 1W10  '-he st-uc--ture of .

ein~ered bar w-* l1 be seen iir ig. "0. T.he lbttice constEnt ha-, e, mean
*A lue Of 'p;%9 O ,w; in lim-Its f'rom 3,294 to 3,304 £0

(CwK rayas, reflection. 411). ':-Itaout rmwsaieng, we ro~is from -,he

i inteard btrs zheets of 0.1O t ci-xclinr foil of IP/u rind cirew .:-re'
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lof 0,15 an* The ohemical cmposition of such a sheet is shown in
Table 3.

Tahle I - helioal C~noaition of TantalC- •.ets.

columbium 1.79
oxygen 0.01
hydrogen 0.006
nitrogen
siliolum 0.0018
sulphur

,Oopper, iron .D
t~tsani., alkali )

I

II

-figure 21 - Diagra Of full-ucale Vsoluam Siuterixg Be"l
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l.2B -Full-aoahl Veanum InItallWtiw On the basis of the experience
gained, operational sintering bells weve designed and a diagram of
one of the latter is shown in Fig. 2_ Here both electrodes are
waterproof because otherwise the radiation panels and foil bundles
utilised in laboratory equipment would form far too larve a surfaco
in the boll which would be unfavorable from the po:LLrt of view of the
vacuum, Furthermors, the dimensions of the bell would become too
large. The lower. oleawod-o des.uigagned as a horisontal lever,
pivots around its axls and is arranged outside of the vao= space.
The lover is sealed against leakage by a flexible metal hose. Elec-
tric current is supplied by a bundle of copper foil. The electrode
has an adjustable counterweight.

Tho boll itself is constructed of welded sheet auminum and
consists of two parts with water jackets. The upper part can be
raised by means of an electric motor. It is provided with a tube
and a quarts window which is protected against contamination by
soot and against radiation by a metal mask which is operated from the
exterior by a magnet, The exhaust line of the diffusion vacuum pump
is welded to the lower part with a condenser connected in the line
between bell and condenser. L tap for the measuring tube of the
vacuum moter is alao provided. The cloiure consists of a plate
through which the upper electrode projects.

The pumping device consists of a four-stage diff'us&n vacuum
puinp with a capecity of 1,000 lit, a rotary vacuum piup with a
capacity of 30 m3/h and a vacuum stop valve in the range of the low
vacuum. The entire installation (except the top pert of the bell) Is
enclosed in the same housing and all devices are operated from the
exterior (fig. 22)9

Z FTmin of Sintaread Baret 4hen the sintered tantalum is adequately
free of gas an, impurities, it bzcoaes ductile i.e. further processing
poses no particular difficulties. To a certain extent, this compen-
sates for the difficulties of sintering under high vacuum. On the
basis of different charateristics, it is possible to judge the
ductility, of the metal after it has been sintered. If the specific
electric resistance of 0.30 Jhm/mm2/m is exceeded, this Is due either
to unsatisfectory sintering or the presence of impurities, It is
therefore necessary to determine the volume weight of the barl if
this exceeds 14.5 z/om3 (Fig* 23), the high value of specific electric
resistance is most probably caused by Spurities. This can be
checked b7 measurement of hardness which should not exceed 100 units
HVI0 for atisfactorily malleable sintered bars.

-24.



JOf 0.15 an. The chemical ec.position of suoh a sheet is shown in
Table 3.

Tabla I - •ewuoal C~neaiton o Tantalun Sheeta..

columbim 1.79
oxygen 0.01
hydrogen 0006
nitrogen
eilioius 0.0018
sulphur
copper, iron
titmnii, alkali )

II

U~~. 3 Disrata of tull.-soal Veeno ixa 1ter1nW B"l.-
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Figure 22 - Overall View of O..erational VaclAuuA Sintering Bell.
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&1l types of forming ).eraticrk3 take place et normal tempera-
t.xro. .a already nmntioned, the sintored bars cEn be formed without
arinealing. However, it is customary in ý:ractice to cSrry: out inter-
ma:Late annealing, also designated as re-aintering beocuse it is
n.!,rfoxied unoer the same conditions as sirtering. Suc%3 a -sinteriw,
in: o.vantageous because eventual resiGua&l gases are removed anc
boc:ause it saves wear and tear on the forming machines and/or the
pr',s directly involved in forming. Forming operations pursue two
pLrpoosess

a: to eliminate the remaining pores (about 10%) in the orellminary
staises (together with re-sintering)l
b,' to Qive the desired form to the material curing the f=-thea
st:ages of the forming operation.

"or experimental production of sheets, the non-sintered ends
wore nut offI the bars were then formed into flat shapes anu subse-
qiently 5e-sintered for 30 minutes at 2',4000C in a vacu=m higher
tian 10' Torr. .e experimzntec -;:ith flettening these sirtered bars
w:.th e compressed-air hammer, in a power press, or in a rolling mill,

1'orming ::ith the comnressed-air hamurer is the least advartc..eous
bcrus~e the material receives uneven ecses which must bc cut off, thus
c1uumne increased waste. -orning of the birs in a hydroulic press is
mc:re i.va*•tageous because the bere are formed t-:th -serfectly straieht
edges, cnly a little narrower at the ends. zAince they cannot be
f:rmec, to the original length because the non-sintered ýnds were
rrm.-ed, it is necessary to cLEnge the electrode gap aurin, re-einter-
ing enc. to utilize high a. eclf ic pressures (about ;C ton/cr,ý for a
degree cf formin. of 40-50G). The bar can also be rolled; the edges
are straight up to the ens a&nQ with the pass reL..uct.on of 45 to 50",
we czain obtain the original length for the flat bar. .•.'iever, in
this case the width (erlargement) is lova. it is therefore advantageous
to st-,mp flat bars for sheets.

Through forming, volume w.eiiht, hdrcness, and s.eclf'ic clectric
resLitsnoe increase proportional to the degree of formi. 'innealinog
f..rther increases volume weight Lut hardness rn6 specific electric
resistance crop. The doaree of forming has no basic irfluence on the
q•.aity of the aintered bars nor on the quality of the sheets proauced
froai them in whioh only the tensile stren,th is somewhat increased
,ith .-'ncreasinhi C.egree of forming.

She annealed bnam flattened bars ;are cole-rolled with a
decrease in height per pass of 4-3f., depencrin on the -rldth of the
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material and the rolling equipment utili-sed. The amount of pass
reduction can be selected in proportion to width of the meterial,
even in a l=w-poered rolling installation. During rolling, the
sheets are lubricated with light mineral oil but thin shoots and
sheets during the final pass are lhbricated with linseed oil. N1'arro
bands from wires or forged rods are advantageous for rolling because
the edges become perfectly smooth.

For the experimental production of wire, the non-aintered
ends were removed and the bars were forged into rods in the cold
state. The dearease in cross-section, related to one hammer Jaw, was
up to 48% during the experiments but it ,ias then difficult to feed the
bar to be forged into the hammering machine. 'We therefore used
gra6iuated jsws so that a decrease of cross section, relhted to one
jaw, of 16401 resulted for an average hamering machine and of
S 0-302 for a continuous (small) hamnering machine. The harryered
bar-s were annealed at a total decreLse of cross section of about
4C o described above. Generally of a ciameter of 1.5 ms, the
hamiered bars were then drawn out to a ciameter of 0.02 mm in metal
cAes or to a diameter of 0.150 nu with diamcna dies, without re-sinter-
ing. Decrease of cross section in one drew amounted to about 11.5%
with metal dies end 6% with diamond see.

'Nire drawing is much more difficult than rolling of sheets.
Tantalum easily adheres to the drawing dies and is difficult to
lubricate. rnecause of the very minor densification by drawing, the
latter muet be restrictk4 to short stretches. In order to make the
lubricant adhere to the tantalum wire, it is aboolutelo necessary to
oxidize the wire surface. This can be done by a short interval of
heating et 500-6000 C in the air or preferably by anodic oxidation in
1-V. sulphurio acid or sodium-sulphate solution. The most suitable
color of the oxide film is purple steel-blue. .•ith thicker wires, it
is advantageous to re-oxidize after each draw and, for thinner oire,
after two or three draws. 'Aan using diamond dies, the reeldual oxide
coating after drawing with metal dies Is sufficient for nine diamond
6ies. Suitable lubricants are beeswux, an emulsion of tallow arki soap,
colloir-el graphite (relatively unsuitable), or an etiulsion cf tallow

• and soap with the addition of col. oidal graphite and turpentine. ie
tested all these lubricants and all were satisfactory, except colloidal
graphite. Because the tests viere carried out umaer semi-operational
conditions, it was not yet -ousible to determine which of these lubri-
cants best preserves the drawing dies.

-- sate. ecover. a In the manuvacture of sema-finshted, products,
waste occurs. Since the latter is generally ductile, It cannot be
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simply crushed and ground to powder and must first be made brittle.
.Tantalum is therefore exposed to hydrogon at increased temperature.
Hydrogen dissolves in the tantalum and the latter becaes brittle and
friable. Whether this produces tantalum h.ydride, has not yet been
definitely determined.

For the hydrogenation of the tantalum waste, electrolytic
hydrogen was purified in the customary maner and brought in contact
with a titanium sponge heated to 8004-150C0 it then entered the stave
pipS (autoclave?) with the tantalum waste which had been heated to
450 0. The waste was cooled after 3 hours, removed from the auto-
clave, crushed and ground in a ball mill. The resulting powder was
leached with hydrochloric sold to remove iron (from friction in the
mill) and. washed first with water and then with methyl alcohol. The
washed powder was dried under vacuum at 600C; it contained 0.3%
hydrogen, and x-rays shcwed no other structural component. The
lattice was very extensive and had a conctant of 3p411. / - 0.002 &.

The hydrogenated tantalum powder was dixed with fresh powder
compacted into bars sintered by standard procedure and processed into
sheet or wire. The wemi-flnished products were excellent. Unless the
mixture contained more than 50% of regenerated powder, no difficulties
were encountered. Hovever, difficulties already began when compacting
the mixture with a higher percentage of regenerated powder. Wire
produoed from such a mixture cracked*.

L - Soms ProLertifa af I a-r. Wed Tantalum Productat E£xqerimentally
observed properties had the following average values$
a•) Si--- Volum,,weight, 15.2 g/om3; specific electric
resistances, 0.181 Oq/m2/maj hardness, 82 RV1O! tensile strength,
55 kg/mm2l elongation to rupture, 1.7 %.
" ý Awnnaled and rtngued Bsria _Mlsintrin~ Volume weight, 16.55
g/c•m3 specific electric resistance, 0.147 Oh/m2//; tensile strength,
36 kg/=2•2 elongation to rupture, 32 5.
-,I zand Amd n--% -•d -. Ra- 12 i Volume weight,
16.66 g/cm3; specific electric resistance, 0.155 Chm/=e/m; tensile
strength, 78 kg/mw2 elongation to rupture, 2.4 %.
d) Fcamd a-d Rnal -red Rain. DIC -. R . -- Specific electric reels- •
tense, 0.140 Mnm/=2/ u tensile strength, 38 kg/m2; elongation to
rupture, 12 5.
a) -N.Mnigag Shaets. 0.2 as (The samples were taken in the
direction of ro~l ) specific electric resestaoee, 0.175 Ct•i•jal
tensile streainet, 93 k/ma2i elongation to &upture, 1.5 51 Irihohen
(shet-.metal ductIlI) tostp 1.13 me
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The listing shows that the ex:;erirnentL41y obtained values
corres -iords to those irmioutod in lites bture,

Coo~in The possibilities for prouc-Ing and utili~zing~ parts of
trAntLUrn Lnc a pao;':Qer-rmetsallrLic,.1 proosee are usescribed irn det&il.
The c~esnree of ccr.~acting pressiu-e for tantalum buse of finely cdivided
tsrntd.1nm metal. pofder has a high influence on~ the proporties of the
ooru~acted bars. The latter are sintert4 unaox' high vacuum by direct
corý ý.ucticn of current without oresintering, I stailed iinvestigutions
cor~ccrn the Influernce of sinterirn tempegrature "~ durtkltion on the
properties of tUe supersintered bare anC~ their loss of wesight and
incdicete different procedures f or increas-ing a~interirig tempersture.
We~lznn of terrperature anti of vaouuzi. as well as spectrtmi &na1,..'is
of t~he expelled gaises are ityortant. LXperirnents of forming super-
siyntex'ed barea by flat forging, ?reseiflS and ro11inE totother qith
rour, --for, ing and crawini; give an eppreciation of f inish-processing

~~o~iV..itie. Iperimonts wit Wtintlum waste r~oovei'y are Ptrt~c-

ulari: significant, The :roierties of ex-periltentaJly obtbined
nrociucts bre given,

tjuigry The rek.ort describese the cutitort $ expjerimentes acompaction
of o)a:ez'ed tantbLmuf, sirnterirng, slrkterir.i; ii'~tallation, vacuun
mess .rc1ent, tenperature measurement, Inf1l 'ence of sirteriq. tempeva-
tiara -~.r.Q coiticn, spectngy, !.nalysiu of eyhtivst geeses, increttse CS
tei' erctux'e dturing sinterin~g, full-scule vacuum installation, worlking
of sintered barn, wassto recovcry; some propertiec of seiP4-fir~shed
tantc~lum prodctu~s*
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